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(54) Optical transmission module and optical communication system using the same 



(57) An optical transmission module includes a 
beam spot size expanding waveguide (11 ) and a beam 
spot size reducing waveguide (13) adjoining in the light 
propagating direction, or includes a beam spot size ex- 
panding waveguide (11), a beam spot size retaining 



waveguide (12) and a beam spot size reducing 
waveguide (13) aligning in the light propagating direc- 
tion. Each waveguide has laminated core layers 
(41 ,42,43) which are formed of materials of different re- 
fractive indexes, 
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Description 

BACKGROUND OF THE INVENTION 
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[0001] The present invention relates primarily to an optical transmission module used for an optical transmission 
system or optical conversion system (these systems will be called commonly optical communication systems), and 
also relates to the technique of optical coupling between a light emitting or receiving device and an optical fiber, between 
a light emitting or receiving device and an optical circuit and between an optical circuit and an optical fiber in an optical 
transmission module. 

[0002] In the progressive evolution of information transmission paths based on the optical scheme, information trans- 
mission through optical fiber cables is becoming prevalent not only among industrial buildings, but also among apart- 
ment buildings and individual houses. One of the crucial affairs to be treated at present is obviously the price reduction 
of the optical transmission system, particularly the price reduction of the optical transmission module which is connected 
to the communication apparatus of each subscriber. 

[0003] It has been a common design for the optical coupling between an optical device, such as a semiconductor 
laser source, and an optical fiber cable or optical waveguide to place an optical lens between these parts so as to 
enhance their optical coupling efficiency. However, the scheme of placing a lens between the optical device and the 
optical waveguide not only results in an increased number of component parts, but it compels the worker to make 
alignment of these separate parts. This extremely delicaLe work has been a major barrier to the price reduction of the 
optical transmission module which is installed on the part of the subscriber. 

[0004] As a scheme of overcoming this problem, there has been devised a semiconductor laser source integrated 
with a beam spot size converter as described, for example, in Japanese Patent Unexamined Publication No.hei- 
5-249331, Japanese Patent Unexamined Publication No.2000-214340, and the device has been developed in recent 
years so as to be put into practice. 

[0005] First, the beam spot size converter will bo explained with reference to Fig.1 0. The figure shows schematically 
an optical coupling system between a semconductor laser source and an optical waveguide, and is also used to explain 
the evaluation of the light beam coupling efficiency. 

[0006] The light beam is assumed horo lo be a Gaussian beam, and the coupling of Gaussian beams of the 0-th 
order will be dealt here, since the ligh: beam used in the optical communication has a single guided mode in most 
cases. For beam spot sizes W1 and W2 of a semiconductor laser source 23 and optical waveguide 22, respectively, 
(the beam spot size is the radius of beam spot at which the amplitude of Gaussian beam falls to 1/e of the center value) 
at the respective beam waists (the beam waist is the position of beam axis where the curvature of the Gaussian beam 
wave surface is infinity), a distance Z between the beam waists, a beam deviation (mis-alignment) X in the direction 
which is vertical from the optical axis, and a light beam wavelength X, the coupling efficiency r| is expressed by the 
following formula. 
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where k is given as: 



so 



K =• 



2n_ + ^2. 
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[0007] The above formulas reveal that the coupling efficiency and the tolerance against the beam mis-alignment are 
improved by: (1) making W1=W2, and (2) making this value as large as possible. 
55 [0008] The conventional semiconductor laser source 23 has a very small beam spot size W1 , i.e., incident beam 
spot size W1 , as compared with the beam spot size W2 of the optical fiber or optical waveguide 22, and therefore the 
condition W1=W2 is not met and thus the coupling efficiency is not good enough. 

[0009] A semiconductor laser source integrated with a beam spot size converter is intended to increase the beam 
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spot size W1 close to W2, thereby improving the coupling efficiency and tolerance in consequence. 
SUMMARY OF THE INVENTION 

[0010] A laser source integrated with a beam spot size converter is manufactured based on the selective crystal 
growing process so as to make a tapered film thickness at the emission port of the core section. The integrated structure 
of the beam spot size converter influences the optimal design of the laser source itself, and it also causes the machining 
error to be highly influential on the laser characteristics. On this account, this laser source suffers a poor yield as 
compared with the conventional laser source, and consequently the costly laser source does not contribute to the price 
reduction of the optical transmission module. 

[001 1 ] There is a limit in the expansion of beam spot size achieved by the tapered film structure based on the selective 
crystal growing process, and the beam spot size attainable at present is around 1 0 degrees in terms of the divergence 
angle of far field pattern for a light beam approximated to be a Gaussian beam. There is still a significant difference of 
it from about 5 degrees of the divergence angle of the optical fiber. Therefore, for increasing the coupling efficiency 
and facilitating the parts assembly, even in the case of using a laser source with a beam spot size converter, it is 
necessary to develop a new optical coupling technique to be applied to the laser source. 

[0012] Although the conventional technique of placing an optical lens between the semiconductor laser source and 
the optical waveguide is a conceivable scheme, Increased component parts and intricate assembling work resulting 
from the adoption of this scheme precludes the accomplishment of cost reduction of the optical transmission module. 
[0013] Accordingly, a first object of the present invention is to provide an optical transmission module and an optical 
communication system which have the improved coupling efficiency between the optical component parts. 
[0014] A second object of the present invention is to provide an optical transmission module and an optical commu- 
nication system which have at least one of the improved coupling efficiency between the optical component parts or 
the improved tolerance. 

[0015] In order to achieve the first objective, the invent^ optica! transmission module includes a first optical 
waveguide which expands the spot size of a light beam along the light propagating direction and a second optical 
waveguide which reduces the beam spot size, which has been expanded by the first optical waveguide, along the light 
propagating direction, with at least one of the first and second optical waveguides having its refractive index of its core 
section varied along the x axis which intersects the z axis of the light propagating direction vertically on a plane per- 
pendicular to the z axis or along the y axis which intersects the z axis horizontally on the plane. 
[0016] Preferred optional features are:- 

[0017] The waveguide core section is formed of a first material having refractive index n 1 in its central portion and 
a second material having refractive index n 2 which is smaller than n 1 in its portions on the upper and lower sides or 
on the right and left sides of the portion of the first material. 

[0018] The waveguide core section is formed by sequential lamination of a first core having refractive index n 1t .., an 

(n-1)th core having refractive index n^, and an n-th core having refractive index n n , with these cores having a relation 

in terms of their values of refractive index of: n (n+1)/2 > n (rv1) / 2 >...>n 2 >n 1 and n (n+1)/2 >n (m . 3) ^>...>n n . 1 >n n . 

[0019] A number of cores are aligned in the z-axis direction to form the core section. 

[0020] The cores have their widths in one of the x-axis or y-axis direction varied in the z-axis direction. 

[0021] In order to achieve the second objective, the inventive optical transmission module includes a first optical 

waveguide which expands the spot size of a light beam along the light propagating direction, a second optical waveguide 

which retains the beam spot size which has been expanded by the first waveguide, and a third optical waveguide which 

reduces the beam spot size which has been retained by the second waveguide, with at least one of the first, second 

and third waveguides having its refractive index of its core section varied along the x axis which intersects the z axis 

of the light propagating direction vertically on a plane perpendicular to the z axis or along the y axis which intersects 

the z axis horizontally on the plane. 

[0022] Preferred optional features are:- 

[0023] The waveguide core section is formed of a first material having refractive index n 1 in its central portion and 
a second material having refractive index n 2 which is smaller than n 1 in its portions on the upper and lower sides or 
on the right and left sides of the portion of the first material. 

[0024] The waveguide core section is formed by sequential lamination of a first core having refractive index n 1 an 
(n-1)th core having refractive index n n _.,, and an n-th core having refractive index n n , with these cores having a relation 
in terms of their values of refractive index of: n (n+1)/2 > "( n -i)/2 >»->n 2 >n 1 and n (n+1)/2 >n (n+3 j^>...>n n . 1 >n n . 
[0025] A number of cores are aligned in the z-axis direction to form the core section. 

[0026] At least one core of the core section has a cross-sectional shape on the y-z plane of a circle, ellipse, approx- 
imate circle or appropriate ellipse. 

[0027] The cores have their widths in one of the x-axis or y-axis direction varied in the z-axis direction. 

[0028] In the foregoing structure of the optical transmission module, clad layers, which are lower in refractive index 
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than the cores, are formed in spaces between cores aligning in the z-axis direction. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0029] 

Fig.1 is a perspective view of a beam spot converting waveguide based on a first embodiment of this invention; 
Fig.2 is a perspective view of a beam spot converting waveguide based on a second embodiment of this invention; 
Fig.3 is a perspective view of a beam spot converting waveguide based on a third embodiment of this invention; 
10 Fig.4 is a perspective view of a beam spot converting waveguide based on a fourth embodiment of this invention; 

Fig.5 is a set of cross-sectional diagrams showing the fabrication steps of the beam spot converting waveguide 
of the first embodiment; 

Fig.6 is a graph showing the variation of the light beam coupling efficiency or tolerance against the beam mis- 
alignment resulting from the beam spot converting waveguide based on the first embodiment of this invention and 
15 the conventional waveguide; 

Fig.7 is a diagram showing schematically a segmental waveguide; 

Figs.8A and 8B are diagrams showing schematically the variation of beam spot size of the inventive beam spot 
converting waveguide; 

Figs.9A and 9B are diagrams showing schematically the enhancement of the tolerance of the inventive beam spot 
20 size retaining waveguide; and 

Fig. 10 is a schematic diagram showing the optical coupling based on the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 [0030] Initially, the principle of the inventive optical transmission module will be explained with reference to Figs.8A 
and 8B. In the figures, reference numeral 23 denotes a light emitting device such as a semiconductor laser source, 21 
is a beam spot size. converting waveguide which propagates a light beam while expanding and thereafter reducing, or 
expanding, retaining and thereafter reducing the beam spot size, and 22 is an optical waveguide which propagates 
the light beam which has been converted in spot size by the waveguide 21 . 

30 [0031] The beam spot size converting waveguide 21 shown in Fig.8A is an example in which it is made up of a beam 
spot size expanding waveguide 11 which propagates the light beam while expanding its spot size, and a beam spot 
size reducing waveguide 13 which propagates the light beam while reducing its spot size. The light beam emitted by' 
a light emitting device, such as a semiconductor laser source, 23 has its beam spot size expanded by the beam spot 
size expanding waveguide 11 . Subsequently, the light beam has its spot size reduced by the beam spot size reducing' 

35 waveguide 13, and is thereafter incident to the following optical waveguide. •- 
. [0032] Another beam spot size converting waveguide 21 shown in Fig.8B is an example in which it is made up of a 
beam spot size expanding waveguide 11 which propagates the light beam while expanding its spot size, a beam spot 
size retaining waveguide 12 which propagates the light beam while virtually retaining its spot size, and a beam spot 
size reducing waveguide 13 which propagates the light beam while reducing its spot size. The light beam having its 

40 beam spot size expanded by the beam spot size expanding waveguide 11 is virtually retained in its spot size in the 
beam spot size retaining waveguide 12 and reduced in its spot size in the beam spot size reducing waveguide 13, and 
is incident to the following optical waveguide. 

[0033] The following deals with the case of light beam incident in the opposite direction from the optical waveguide 
22 (the coupling efficiency is constant irrespective of the incident direction based on the raw of reciprocity). 

45 [0034] In the optical module shown in Fig.8A, the light beam coming through the optical waveguide 22 into the beam 
spot size converting waveguide 21 and having beam spot size W2 at the entry of the beam spot size reducing waveguide 
13 has its spot size expanded to W3 at the border between the beam spot size reducing waveguide 13 and the beam 
spot size expanding waveguide 11 by being propagated in the optical waveguide 13. The light beam is further propa- 
gated by the beam spot size expanding waveguide 11 while reducing the spot size, and it forms a beam waist having 

so beam spot size W4 at position z=Z\ 

[0035] Namely, providing the beam spot size converting waveguide 21 enables the conversion of spot size W2 of 
the light beam coming in from the optical waveguide 22 into an arbitrary spot size W4. Accordingly, even in case spot 
size W2 is greater than W1 inevitably due to the characteristics of the semiconductor laser source 23 or optical 
waveguide 22, it becomes possible by the provision of the beam spot size converting waveguide 21 to convert the spot 

55 size W2 into the spot size W4 which is virtually equal to the spot size W1 , and consequently the light beam coupling 
efficiency can be improved. This fact is also suggested by the formulas (1) and (2) described previously. 
[0036] In addition, providing the beam spot size converting waveguide 21 enables the position of beam waist W4 to 
shift practically close to the semiconductor laser source 23, thereby reducing the distance Z as compared with the 
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prior art waveguide, and consequently the light beam coupling efficiency can further be improved. Particularly, using 
the beam spot size converting waveguide 21 enables the position of beam waist W4 to shift practically close to the 
semiconductor laser source 23 beyond the physical limit of assembly of the semiconductor laser source 23 and optical 
waveguide 22. 

5 [0037] Similarly, in the optical module shown in Fig.8B, the light beam coming through the optical waveguide 22 into 
the beam spot size converting waveguide 21 and having spot size W2 at the entry of the beam spot size reducing 
waveguide 13 has its spot size expanded to W3 at the border between the beam spot size reducing waveguide 13 and 
the beam spot size retaining waveguide 1 2 by being propagated in the optical waveguide 1 3, has its spot size retained 
during the propagation in the beam spot size reducing waveguide .13, and is incident with the spot size W3 at the border 

10 to the beam spot size expanding waveguide 1 1 . The light beam is further propagated by the beam spot size expanding 
waveguide 11 while reducing the spot size, and it forms a beam waist having beam spot size W4 at position z=Z'. 
[0038] Namely, providing the beam spot size converting waveguide 21 enables the conversion of spot size W2 of 
the light beam coming in from the optical waveguide 22 into an arbitrary spot size W4, as in the case of the arrangement 
of Fig.8A. Accordingly, even in case the spot size W2 is greater than the spot size W1 inevitably due to the characteristics 

15 of the semiconductor laser source 23 or optical waveguide 22, it becomes possible by the provision of the beam spot 
size converting waveguide 21 to convert the spot size W2 into the spot size W4 which is virtually equal to the spot size 
W1 , and consequently the light beam coupling efficiency can be improved. 

[0039] The coupling efficiency between the semiconductor laser source 23 and the optical waveguide 22 is deter- 
mined from the beam spot sizes W1 and W4 at Ihe respective beam waists and their distance Z\ Accordingly, by 

20 building an optical transmission module by use of the beam spot size converting waveguide 21 so that the beam spot 
size W2 becomes the W4 which is virtually equal to the W1 , the coupling efficiency is improved. 
[0040] It should be noted that the beam spot size converting waveguide 21 can be fabricated together with the optical 
waveguide 22 to have a unitary structure and accordingly these waveguides 21 and 22 do not create a positioning 
error, do not cause the increase of component parts and do not necessitate an intricate assembling work. 

25 [0041 ] There can be a case depending on the value of beam spot size W1 of the semiconductor laser source 23, in 
which the coupling efficiency in the absence cf axial mis-alignment improves, while the tolerance against the axial mis- 
alignment deteriorates. In this respect, by employing the structure with the beam spot size retaining waveguide 12 as 
shown in Fig.8B, it becomes possible to improve both the coupling efficiency and tolerance, or improve one of the 
coupling efficiency or tolerance and retain the other 

30 [0042] The principle of this affair will be explained with reference to Fig.9A and 9B. 

[0043] First, in case a light beam 3 emitted by the semiconductor laser source has a beam deviation, i.e., axial mis- 
alignment, (without angular deviation) anc is incident to the beam spot size converting waveguide 21 without a beam 
spot size retaining waveguide as shown in Fiq 9A the light beam propagated by the waveguide 21 has an inclination 
relative to the optical axis, i.e., it deviates from the optical axis. As a result, the intensity of beam received by the optical 

35 waveguide 22 decreases , and thus the tolerance against the axial mis-alignment falls. 

[0044] In contrast, in the presence of the beam spot size retaining waveguide 12 as shown in Fig.9B, the light beam 
3 which has been inclined by the beam spot si/e expanding waveguide 11 is collimated to regain the course along the 
optical axis by the beam spot size retaining waveguide 12. The light beam having its propagating direction corrected 
is thereafter treated by the beam spot size reducing waveguide 13 to have the spot size of the optical waveguide 22 

40 and propagated to the waveguide 22. Namely, providing the beam spot size retaining waveguide 1 2 enables the rec- 
tification of an inclined light beam to regain the course along the optical axis. In consequence, the deterioration of 
coupling efficiency caused by the axial mis-alignment can be suppressed and the tolerance against the axial mis- 
alignment can be improved. 

[0045] The enhanced tolerance against the axial mis-alignment relaxes the required positioning accuracy of the 
45 semiconductor laser source 23, i.e. , the accuracy of alignment of it with the optical waveguides which include the beam 
spot size converting waveguide 21 , facilitating the mounting of the semiconductor laser source 23. 
[0046] Fig.1 shows an embodiment of the arrangement of the beam spot size converting waveguide 21 . The figure 
shows only the beam spot size converting waveguide 21 and optical waveguide 22 forthe sake of simplicity. This beam 
spot size converting waveguide 21 is made up of a beam spot size expanding waveguide 11 , beam spot size retaining 
so waveguide 12 and beam spot size reducing waveguide 13. 

[00471 Further shown in Fig.1 are a light beam 3 which is propagated in the waveguide 21 , cores 1 which propagate 
the light beam 3, a clad material 2 which surrounds the cores 1 and has a refractive index smaller than that of the cores 1 . 
[0048] Each core 1 is made up of a number of layers having different refractive indexes. Specifically, the core 1 
includes a first core 41 , second core 42 and third core 43 which are laminated in this order along the x axis which is 
55 perpendicular to the substrate surface. These cores 41 ,42 and 43 have refractive indexes n-,, n 2 and n 3 , respectively, 
which are related to be n 2 >n 1 >n 0 and n 2 >n 3 >n 0 , where n 0 is the refractive index of the clad 2. In regard to the refractive 
index n 2 of the second core 42 located at the middle of the core and the refractive index n 0 of the clad 2, there is defined 
a value An= (n 2 -n 0 )/n 2 (%) which is preferably confined in the range of 0.2-0.5 %. 
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y-axis direction to such an extent that the light beam propagation mode does not change, thereby reducing the loss of 
light beam. 

[0062] The beam spot size retaining waveguide 12 has a constant value of a so that the beam spot size is kept at 
virtually constant. If the propagation loss is a concerned matter, it is desirable for the beam spot size retaining waveguide 
5 12 to have at its end section the same beam spot size as the beam spot size expanding waveguide 11 and reducing 
waveguide 13 at their end sections so as to prevent a coupling loss. 

[0063] In consequence, the optical module is improved in the tolerance of y-axis direction as well as the tolerance 
of x-axis direction (direction of lamination) based on the principle described above and shown in Fig. 8, and it is also 
improved in the coupling efficiency. 
10 [0064] For further improving the tolerance in all directions against the axial mis-alignment, it is desirable to laminate 
cores in a direction other than the direction in which the segment width varies. 

[0065] Fig. 6 shows the result of calculation of the coupling efficiency based on the Beam Propagation Method (BPM) 
for the optical waveguide of this embodiment and the semiconductor laser source. The first core 41 and third core 43 
have an equal refractive index of n 11 =n 13 =1 .4620, the second core 42 has a refractive index of n 12 =1 .4641 592, the 
is clad has a refractive index of n 0 =1 .4576. For the orderly section of optical waveguide 22, the first core 41 and third 
core 43 have a 6.5-by-0.9 u,m cross section, and the second core 42 has a 6.5-by-6.5 um cross section. The graph 
reveals clearly that the inventive device has the larger coupling efficiency, i.e., enlarged tolerance, in both the x-axis 
and y-axis directions as compared with the prior art device. 

[0066] The orderly section of optical waveguide 22 is formed of laminated core materials of different refractive indexes 

20 throughout its length. Therefore, in determining the refractive index and cross -sectional dimensions of each core layer, 
the light propagation mode in the optical waveguide 22 must be taken into account. Specifically, for example, in the 
case of single-mode transmission, the mode analysis must be conducted so that a large mode number does not arise. 
[0067] Next, the fabrication process for forming the beam spot size converting waveguide 21 and optical waveguide 
22 at once will be explained with reference to Fig. 5. 

25 [0068] First, a silicon substrate 31 is prepared: (step (a)) 

[0069] Next, a clad layer 32 is deposited on the silicon substrate 31 , and a first core layer 41 , second core layer 42 
and third core layer 43 are formed sequentially on it to complete a core layer 33: (step (b)). The first, second and third 
core layers 41-43 have their dopant concentration of titanium oxide, germanium oxide, etc. adjusted so that their re- 
fractive indexes have the intended relation. The substrate 31 with the formation of the core layer 33 is placed in the 

30 electric furnace so that afilm of fine glass grain is heated to a high temperature to become transparent: (step (b)).This 
process called flame hydrolysis deposition is a known technique for the fabrication of optical waveguide of quartz. 
[0070] Subsequently, the core layer 33 including the first, second and third core layers 41 -43 undergoes the formation 
of core patterns which will become the beam spot size converting waveguide 21 and the following optical waveguide 
22 based on the ordinary photolithographic process. Specifically, for example, resist is applied to the surface, a mask 

35 pattern is transferred to it, and the core layer 33 is etched to a prescribed depth based on the RIE (Reactive Ion Etching) 
process: (step (c)). 

[0071] Subsequently, a second clad layer 34 of fine glass grain having its dopant concentration adjusted so that the 
refractive index is smaller than the smallest refractive index among the core layers, i.e., the first through third core 
layers in this embodiment, is deposited, and heated to a high temperature to become transparent: (step (d)). 
40 [0072] In the case of using a quartz-based material, a small amount of subordinate dopant is often added for the 
adjustment of the glass softening temperature and thermal expansivity. Besides a quartz -based material used for the 
core layer and clad, other material, e.g., polymer-based material, which propagates the light of the intended wavelength 
and allows the fine adjustment of refractive index may be used. 

[0073] The foregoing steps of process form the beam spot size converting waveguide 21 and the following optical 
45 waveguide 22 at once. Accordingly, the beam spot size converting waveguide 21 and optical waveguide 22 have a 
unitary structure, which eliminates the misalignment of optical axis and is completely free from the increase of com- 
ponent parts and the intricate assembling work. This property is obviously common to the structures of other embod- 
iments described in the following. 

[0074] Another embodiment of this invention will be explained with reference to Fig.2. 

50 [0075] This beam spot converting waveguide differs from the preceding first embodiment in that a beam spot size 
converting waveguide 21 is made up of a beam spot size expanding waveguide 11 and reducing waveguide 13. It is 
a segmental waveguide having laminated cores of three layers, with the proportion a of core length out of the segment 
length being increased and decreased simply along the light propagating direction so as to convert the beam spot size 
and with the segment width in the y-axis direction being varied, as in the case of the first embodiment. 

55 [0076] This embodiment is advantageous in that it is more compact than the first embodiment due to the absence 
of the beam spot size retaining waveguide 12 and it can suppress the light beam propagation loss. Naturally, it is 
superior in coupling efficiency to the conventional waveguide. 

[0077] Next, still another embodiment of this invention will be explained with reference to Fig.3. 
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[0078] This embodiment is identical to the first embodiment in its structure made up of a beam spot size exnandino 

ZXfi th" r f' nin9 T e9Uide 1 2 redUdn9 WaVe9Uide 1 3 having 3 -^ er ,am ' nated -o-s and in its segmentai 
structure of the beam spot size retaining waveguide 12, but defers in that the beam spot size expanding waveguide 
1 1 and reducing wavegu.de 1 3 have a shape of a train of circles on the y-z plane *panamg waveguide 

[0079] In contrast to the segmental waveguide in which the segments as the whole have a lens function the beam 
7tTr*T mada UR ° f * nUmber ° f C >" indrical cores is fictionally a series of lenses each ££?S 

f«c h t Tt, 8,26 eXpanding waveguide 11 expands the beam spot size based on the function convex 
lens and retams the spot size to have a virtually col.imated light beam. Namely, the divergence of Z beam i sud 

t P hf S ? USS t C K lindriCa ' C ° reS - A ' th0Ugh R93 Sh0WS the dis P osition of cylindrical cores of th ^same Sameter 
nor^ T bS ' n K Creased P~9ressively along the light propagating direction to deal with ITSbES 

sZZTaeT S ' Ze ' 3 arrang ement is also desirable from the viewpoint of the reduction in .ength of the Tarn 

[0080] The beam spot size reducing waveguide 13 also has a number of cylindrical cores which is desianed to 
reduce the spot s.ze of the light beam coming from the beam spot size retaining waveguide 12 Sased on the convex 
lens funct.cn so that the beam spot size becomes close to that of the optical waveguid 22 A though Fig 3 showMhe 
d.sposrt.on of cylindrical cores of the same diameter, the core diameter may be reduced mmS^SSS^Z 
propagating direction to deal with the light beam of decreasing beam size Progressively along the light 

[0081] The arrangement of this embodiment can increase the tolerance against the axial mis-alignment in any of the 
c^g^ 

Innlll ?! Xt ' Sti " an ° ther embodiment of thi * invention will be explained with reference to Fiq 4 
[0083] Th.s embodiment employs a scheme of beam spot conversion based on the variation of the cross-sectional 
area of a core along the light propagating direction for the beam spot size expanding waveguide 1 The beam spo - 
converting waveguide has 3-layer laminated cores as in the cases of the preceding , embodiments TOs co^Thaoe 
mn 0 ?, S ° J! aPP ' ,ed t0 thS beam Sp0t Si2e conv ^ing waveguide 21 shown in Fig.1 and Fig 2 P 
[0084] The core of the beam spot size expanding waveguide 11 of this embodiment is tapered along the liaht oroo 

ZsZ „T Z " S d h! menSi ° n dSCreaSed ° n,y in itS ^ axis direction P arallal ^ ^e subsStesurfac 3 ^ and iK 

has a constant dimension in the x-axis direction. ace ' ana IT 

[0085] The tapered core can expand and reduce the beam spot size in both the x-axis and v Hir^ti™* ^ „ 

!°n?H, 6 nn.„ The spo * corwertin g waveguide of this arrangement can also change the coupling efficiency and ac- : 
SESftE? '7T 1 1 anCe 39ainSt tHe 3Xial mis " ali 9™t ^ any of the x axis and y ax?s ^' 
[0087] Accord.ng to the present invention, it is possible to accomplish an optical transmission module and ootical 

to°^om^H n r iCh are impr ° Ved " C ° Upiing efflCienc y between the «P*»' component pal Itts poss bTe 

to accomplish an optical transmission module and optical communication system which are imoroved in a i^Tnn! 
of the coupling efficiency between the optical component parts or the tolerance P St ° ne 



Claims 
1. 



1!? °" U ' e com P risina 3 first 0P«cal waveguide which expands the spot size of a light beam 

along the light propagatmg direction and a second optical waveguide which reduces the beam spot size W hfch 
has been expanded by said first optical waveguide, along the light propagating direction, saw Sand secona 
has its : aVe9U,deS H eacb ha ™9 a core section, wherein at .east one of safd fir.? and secondtpt ca waveguides 
has ,ts refract.ve index of its core section varied along the x axis which interacts the z axis of the gh pXaaatto 
o^Ze " °" 3 ^ to * «* - -"9 the y axis which intersects £ \ tL'Z^ 



50 on the plane 



2. 



1„ h , r Sm,SS ' 0n m ° dUle comprising a first optical waveguide which expands the spot size of a light beam 
exTndi T Pr ° Pagatln9 d ? Cti0n ' 3 second oPt'-l waveguide which retains the beam spot size wnioXs been 
has betn f ,T °T* WaVeguid6 ' and a ™* waveguide which reduces the beam spofsize which 

has been reta.ned by sa.d second optical waveguide, said first, second and third optical waveguides each havino 
a core section, wherein at least one of said first, second and third optica, waveguides iZKS^lES 
its core section varied along the x axis which intersects the z axis of the light propagating ^irecJon ve^Hv on a 
plane perpend.cular to the z axis or along the y axis which intersects the z axis horizontally o Te pfane 
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3. A module according to claim 1 or 2, 

wherein said core section is formed of a first material having refractive index n n in its central portion and a second 
material having refractive index n 2 which is smaller than n 1 in its portions on the upper and lower sides or on the 
right and left sides of the portion of said first material. - 

4. A module according to claim 1 , 2 or 3, 

wherein said core section is formed by sequential lamination of a first core of refractive index n 1 an (n-1)th core 
of refractive index n iv1 and an n-th core of refractive index n n , with these cores having a relation in terms of their 
values of refractive index of: n (n+1)/2 >n (rM)/2 >•■•> n 2 >n-j andri (r ^ 1)/2 >n (n+3 y 2 >...>n n _ 1 >n rr 

5. A module according to any one of claims 1 to 4, 

wherein said core section is formed of a plurality of cores aligning in the z-axis direction. 

6. A module according to claim 5, 

wherein at least one core of said core section has a cross-sectional shape on the y-z plane of a circle, ellipse, 
approximate circle or approximate ellipse. 

7. A module according to claim 5 or 6, 

wherein said cores have their widths in one of the x-axis direction and y-axis direction varied along the z-axis 
direction. 

8. A module according to any one of claims 1 to 7, 

wherein said cores are spaced out from each other in the z-axis direction, with clad layers having a retractive index 
smaller than the refractive index of said cores being formed in the spaces between adjacent cores. 

9. An optical communication system constituted by the optical transmission module set forth in claim 1 . 

10. An optica! communication system constituted by the optical transmission module set forth in claim 2. 
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FIG. 4 
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(57) An optical transmission module includes a 
beam spot size expanding waveguide (11) and a beam 
spot size reducing waveguide (13) adjoining in the light 
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panding waveguide (11), a beam spot size retaining 



waveguide (12) and a beam spot size reducing 
waveguide (13) aligning in the light propagating direc- 
tion. Each waveguide has laminated core layers 
(41 ,42,43) which are formed of materials of different re- 
fractive indexes. 
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